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A B S T R A C T
The vacA and cagA genotypes of 50 Helicobacter pylori isolates from patients in the north-eastern region of
Mexico were characterised by PCR, and the correlation between genotypes and different clinical
outcomes was investigated. Strains of H. pylori that are vacA s1 ⁄m1 and cagA positive have previously
been associated with more severe clinical outcomes, and some studies have shown differences in the
vacA and cagA genotypes in different geographical regions. The six possible combinations of the vacA
signal (s) and middle (m) regions were identified in this population, and the most frequent genotype
was s2 ⁄m2. Thirty-two (64%) isolates were identified as cagA-positive. The s region was not amplified
from seven of the cagA-positive isolates, and the m region was not amplified from one cagA-negative
isolate, indicating that additional subfamilies of s and m genotypes may exist. The s1 ⁄m1 genotype was
associated with cagA-positive strains (p < 0.05). No association was found between the vacA and cagA
genotypes and clinical outcomes.
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I N T R O D U C T I O N
Helicobacter pylori almost exclusively colonises the
mucous layer of the human stomach. Once estab-
lished, the pathogen may reside in the host for
decades. However, in c. 10% of cases, the organ-
ism is associated with diverse clinical outcomes,
which include non-ulcer dyspepsia (NUD), peptic
ulcer disease (PUD), and gastric cancer [1–3].
Several host and bacterial virulence factors have
been related to this clinical diversity.
Most studies of H. pylori strains have focused
on the pathogenicity island in which the cagA
gene codes for the CagA protein, a marker of
virulence. The attachment of H. pylori to gastric
epithelial cells induces injection of CagA into the
gastric epithelial cell by a type IV secretion
system, encoded by the pathogenicity island,
and once inside the cell the protein is tyrosine
phosphorylated by a host-cell kinase, which alters
the physiology of the affected cells [4]. The
presence of the pathogenicity island has been
associated with increased interleukin-8 produc-
tion, mucosal inflammation [5–7], and the devel-
opment of distal gastric cancer or PUD [6–8].
The study of bacterial virulence factors also
includes the vacuolating cytotoxin (VacA). Dif-
ferences in the vacA gene, such as the mosaic
combination of signal (s) regions and middle (m)
region allelic types, have been demonstrated; the
s1 ⁄m1 genotype has been associated with more
severe clinical outcomes, and some studies have
shown differences in genotypes in relation to
geographical regions [9–13].
Information about the geographical distribu-
tion of specific H. pylori genotypes and their
association with disease is scarce in developing
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countries. In the present study, the prevalence of
cagA strains and specific vacA genotypes in a
population in the north-eastern region of Mexico
was determined and its association with clinical
outcome investigated.
M A T E R I A L S A N D M E T H O D S
Patient population
H. pylori (n ¼ 50) isolates were obtained from 50 non-consecu-
tive patients (female ⁄male ratio ¼ 2; mean age 53 ± 17.7 years;
range 15–92 years) who were subjected to upper gastrointesti-
nal endoscopy at the Gastroenterology Service in the Hospital
Universitario ‘Dr Jose Eleuterio Gonza´lez’ in Monterrey, Nuevo
Leo´n, Mexico between February and December 2000. Monterrey
is located approximately 150 miles from the US border and
600 miles from Mexico City. Seventy per cent of the population
are of Spanish origin, and 30% are mestizo (mixed European
and Native American ancestry). All patients were born in the
north-eastern area of Mexico and were descended from at least
two Mexican generations.
Patients were classified as having NUD when no organic
disease was found after endoscopy, but they presented with
upper abdominal or epigastric pain, symptoms related to
meals, or symptoms such as heartburn, nausea or vomiting.
Patients were classified as having PUD when a peptic or
duodenal ulcer was detected after the gastroduodenoscopic
analysis.
None of the patients had received antibiotics or proton
pump inhibitory drugs during the 4 weeks before endoscopy,
and all patients signed an informed consent form. During the
endoscopy procedure, eight biopsy specimens were obtained
for histological evaluation, including two each from the lower
curvature, greater curvature, incisura angularis and prepyloric
regions. All sample biopsies were fixed in formalin 10% v/v
and sent for histopathology evaluation. Also, four biopsy
specimens (two from the antrum and two from the corpus)
were placed in Stuart’s medium (Becton Dickinson, Cockeys-
ville, MD, USA) and transported to the laboratory for culture.
Histopathology
The biopsy specimens were paraffin-embedded, and mul-
tiple histological sections were prepared from each biopsy
following standard procedures. Sections were stained with
haematoxylin and eosin for histopathological assessment of
inflammation and the presence of H. pylori.
Culture of H. pylori
Biopsy specimens were placed in 0.5 mL of Brucella broth,
macerated, and inoculated on 10% blood agar with 1% Iso
VitaleX enrichment (Becton Dickinson) and Columbia agar
plates (Becton Dickinson). Once inoculated, plates were incu-
bated in micro-aerobic conditions for 96 h at 37 C. Colonies
were identified by colony morphology, Gram’s stain, and
urease, oxidase and catalase tests. A pool of colonies obtained
from each patient was used for DNA extraction.
DNA extraction and vacA and cagA gene
detection
DNA was extracted by the hexadecyl trimethyl ammonium
bromide method [6] and quantified by fluorescence emission
at 460 nm after excitation at 365 nm (DyNA Quant Fluorom-
eter; Pharmacia Biotech, San Francisco, CA, USA). PCR
amplifications of the vacA signal (s) and middle (m) regions
were performed with the primers described by Atherton et al.
[9]. Primers used for cagA typing were those described by
Rugge et al. [7]. All amplified PCR products were resolved in
agarose 2% w/v gels, stained with ethidium bromide, and
detected under a UV light source.
Statistics
Associations between H. pylori genotypes and clinical outcome
were analysed using either the chi-square test with Yates’
continuity correction or Fisher’s exact test whenever appropri-
ate. A p value of < 0.05 was accepted as statistically significant.
R E S U L T S
Molecular analysis of H. pylori isolates
For all H. pylori isolates, cagA genotype and vacA
alleles for the s region and m region were
determined. The six possible combinations of
vacA s and m types were identified, including
the rare s2 ⁄m1 combination, which has been
described in the Mexican population (Table 1).
No vacA s region product was amplified from
seven isolates, which were all identified as the m1
genotype. One s2 isolate was untypeable for the m
region. Evidence of infection by more than one
Table 1. Correlation of vacA subtypes with the cagA
genotype of the isolates studied
vacA
genotype
% cagA positivea
(n = 32)
% cagA negative
(n = 18)
s1 ⁄m1 50b 11.1
s1a ⁄m1 21.9 0
s1b ⁄m1 31.2 11.1
s1 ⁄m2 9.4 0
s2 ⁄m1 12.5 11.1
s2 ⁄m2 6.2 72.2c
? ⁄m1d 21.9 0
s2 ⁄ ?e 0 5.6
aThe total number of vacA allotypes was 33, because one
isolate yielded an amplified product for s1a and s1b.
bThe presence of cagA-positive isolates was associated with
the s1 ⁄m1 genotype (p < 0.05 by chi-square test).
cThe presence of cagA-negative isolates was associated
with the s2 ⁄m2 genotype (p < 0.01 by chi-square test).
dNon-typeable for signal region.
eNon-typeable for middle region.
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H. pylori strain was found in only one patient
(2%), where alleles s1a and s1b were detected.
Overall, 32 (64%) isolates were cagA-positive
and 18 (36%) isolates were cagA-negative. The
vacA genotypes were classified according to cagA
status and, as expected, the s1 ⁄m1 genotype
correlated with cagA-positive isolates (p < 0.05
by chi-square test) and the s2 ⁄m2 genotype was
strongly associated with cagA-negative isolates
(p < 0.01 by chi-square test). Interestingly, all the
isolates that were PCR-negative for the s region
were identified as cagA-positive.
Genotypes for each s and m allele were also
classified according to cagA status (Table 2). The
presence of the vacA s1 genotype correlated with
cagA-positive isolates (p < 0.01 by chi-square test)
and the s2 genotype was associated with cagA-
negative isolates (p < 0.01 by chi-square test).
The m1 genotype correlated with cagA-positive
isolates (p < 0.05 by chi-square test) and the m2
isolates were associated with the cagA-negative
strains (p < 0.01 by chi-square test). No other
statistically significant difference was found bet-
ween other vacA m genotypes and cagA status.
Correlation of H. pylori genotype with clinical
outcome
The vacA and cagA genotypes of the 50 H. pylori
isolates were classified according to patient
clinical outcome (Table 3). Seven (14%) strains
were isolated from patients with PUD and 43
(86%) from patients with NUD. Although some
differences were found in the distribution of vacA
and cagA genotypes according to clinical status,
these differences were not significant. An inter-
esting observation was that all the untypeable
strains for the s region were isolated from NUD
patients.
Correlation of H. pylori genotype with
histological characteristics
The vacA and cagA genotypes of the 50 H. pylori
isolates were also classified according to histo-
logical findings. There were three different
histological observations: active chronic gastritis
(ACG); atrophic ACG with or without incom-
plete intestinal metaplasia; and follicular ACG.
An association was identified between the
s2 ⁄m1 genotype and ACG (p < 0.05). Further-
more, the s2 ⁄m2 genotype was associated with
ACG (p < 0.01). No other associations between
genotypes and the histological findings were
identified.
D I S C U S S I O N
The results of this study confirmed the vacA allelic
diversity that has been described previously for
the Mexican population [14], as all possible
combinations of vacA alleles were obtained. Nev-
ertheless, the present study identified differences
within this population. A previous study that
included 20 unselected patients, 12 of whom had
PUD, showed that the most prevalent genotype
in the Mexican population was s1b ⁄m1 [14],
Table 3 Distribution of vacA genotypes according to clin-
ical outcome
Genotype
% with PUD
(n = 7)
% with NUD
(n = 43)
s1 ⁄m1 57.1 32.6
s1 ⁄m2 0 7
s2 ⁄m1 14.3 11.6
s2 ⁄m2 28.6 30.2
? ⁄m1a 0 16.3
s2 ⁄ ?b 0 2.3
cagA positive 85.7 60
PUD, peptic ulcer disease; NUD, non-ulcer dyspepsia.
aUntypeable for signal region.
bUntypeable for middle region.
Table 2 Relationship between vacA s and m genotypes
and cagA status in the isolates studied
vacA s or m
genotype
% cagA
positivea
(n = 32)
% cagA
negative
(n = 18)
s1 59.4b 11.1
s1a 25 0
s1b 37.5 11.1
s2 18.7 88.9c
Untypeable for s1 or s2 21.9 0
m1 84.4d 22.2
m2 15.6 72.2e
Untypeable for m1 or m2 0 5.6
aThe total number of vacA allotypes was 33, because one
isolate yielded an amplified product for s1a and s1b.
bThe presence of cagA-positive isolates was associated with
the s1 genotype (p < 0.01 by chi-square test).
cThe presence of cagA-negative isolates was associated
with the s2 genotype (p < 0.01 by chi-square test).
dThe presence of cagA-positive isolates was associated with
the m1 strains (p < 0.05 by chi-square test).
eThe presence of cagA-negative isolates was associated
with the m2 strains (p < 0.01 by chi-square test).
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whereas this was s2 ⁄m2 in the present study. The
difference in PUD patient inclusion (60% vs.
14%) could partially explain the differences
observed in the frequency of the vacA alleles. It
would be necessary to evaluate the genotype
frequencies in populations with similar clinical
status to clarify this. If it is accepted that the type
s1 ⁄m1 vacA genotype is more often associated
with disease than type s2 ⁄m2, then the strains
described in this study seem to be less pathogenic
than those described previously in the Mexican
population.
The s2 ⁄m1 vacA genotype that was described
for the first time in the Mexican population in
1999 [14] was also identified in the present study,
confirming a cultural and socio-economic rela-
tionship between both areas and a geographical
restriction of these strains. Two previous studies
in South African and Saudi Arabian populations
also described s2 ⁄m1 strains [15,16].
There were seven strains untypeable for the s
region and one strain untypeable for the m region,
suggesting the possible existence of different
subfamilies of vacA, although it is important to
consider that the s1c and m3 alleles, which have
been described in some populations [10], were not
investigated. Untypeable strains have been des-
cribed previously in Mexican populations, and
the strains described in this study could be similar
to those reported previously [14].
Several studies have demonstrated that distinct
H. pylori vacA s and m genotypes have specific
geographical distributions [13]. In the Iberian
Peninsula and in Central and South America,
most H. pylori strains contained the vacA s1b
genotype. The subtype vacA s1a was common in
individuals from northern and eastern Europe,
and the s1c subtype was observed most fre-
quently in East Asia. In the USA, both s1a and s1b
were found almost equally. For the m region,
most H. pylori strains in the Iberian Peninsula and
in Central and South America contained the m1
genotype. In other regions of the world, the
frequencies of the m1 and m2 subtypes were
almost equal. A previous report on a Mexico City
population showed a higher percentage of s1b
and m1 vacA subtypes [14]. The present study also
found a higher percentage of the m1 genotype,
although the prevalences of the s1 and s2 regions
were similar. These results confirm that differ-
ences occur within the same country, and strains
that infect the population of the north-eastern
region of Mexico are less virulent than those
described previously elsewhere in Mexico. The
high prevalence of s2 ⁄m2 mimics the situation for
genotypes observed in the southern part of Texas,
confirming the similarities between the two pop-
ulations.
In the present study, only one patient was
apparently infected by two different strains,
which did not confirm a previous description of
infection by multiple strains in a Mexican popu-
lation [14]. The number of patients co-infected
with multiple strains has varied between studies
[17,18]. Several factors may influence the results,
such as the methods of identification of the
genotypes, i.e., by culture or PCR from biopsies.
Some procedures in the present study could have
affected recovery of bacteria from the biopsies, for
example: (1) reduced incubation time from 5 to
4 days compared to the previous report; (2) the
relatively short antibiotic-free period of 4 weeks
before the endoscopy; and (3) biopsies being
macerated before being plated onto blood agar,
as opposed to being smeared onto blood agar.
Numerous studies have described an associ-
ation between s2 and m2 and cagA-negative
strains and between s1 and m1 and cagA-positive
strains. The results of the present study confirm
this association. All isolates that were untypeable
for the s region were cagA positive, which may
suggest an association between the cagA-positive
genotype and as yet undescribed regions.
The demonstration of different H. pylori geno-
types and their geographical distribution may
become clinically important, although, in this
study, there was no association between H. pylori
genotype and clinical outcome. This may be a
result of the sample size analysed and the uneven
distribution of the clinical outcomes, which pre-
vent any conclusions concerning clinical out-
comes. A previously undescribed association of
ACG with s2 ⁄m1 and s2 ⁄m2 was identified. The
association of this histological finding with par-
ticular genotypes may suggest that, in addition to
the s2 ⁄m2 subtype, the s2 ⁄m1 strains may also be
of low virulence. Further studies should be
undertaken to investigate this hypothesis.
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